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[0 0 17] 

[0 0 18] 

[0 0 19] 

[#§0J!tf>IIS6<Z>^]gi] 



5 



ffifiElf 2 003-3038384 



#2002-217454 

[0 0 2 0] 
[0 0 2 1] 

(7)3fflzr>f ;bY l, Y2Stlt^So 3*Bn-f ;i<Y l fctt, ^>;^-^inv 
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«jEE, Y1^0q||E, Y2|gIffiqitJ±, flfrfflC J: (V s 

/rad) , Y10^^t-^J|©^«fi, Y 2 CD* * -*S*©«t»j& 

*&£&U Ld, L qted q$tf|6D-f >#^#>X£itU * L d , A Lq(C& 
ffi8MB0>W«#&.5. oiiMASfilC (rad/s) 

[0 0 3 4] 
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d _ 
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x 



V M / 

\ } 
( 0 
0 

( 



(6) 
(7) 

f.3) 

(9) 
\ 



B M = 



-n( Ld + la -Ld \ u f L d + L q +l a L„-L d \ 

l " u \ -L d L d + l a ) r *\ L q -L d L d +L q M a ) 
_ / L d + L q + l a L d -L q \ _ R ( L q +l a -L q \ 

\~^\ L d -L q L d + L q + l a J L q + C a ) ) 

3 / Ld + l* -L d \ 
^ \ ~L d L d +l a ) 



I 



<h 



X2 



, / L„-H 0 -X, \ 



a 



(10) 

(11) 

(12) 
(13) 

(14) 

(15) 
(16) 

(17) 
(18) 



m&tt&ltt (6) (14) T'2bZ>f)K Z.nbm&iLT>&Z><DTu mftiK. 
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[0 0 3 6] 

mz, ztib 2o©«)»*iS(OBrant&^ts. (6) <D*mm&* 

, L d = 0 . 2 4 8 6 mH, L q = 0 . 5 6 9 5 mH, la = 0. 19 m 
H, R=46. 5 m.Q, <j>m=0. 0516 V/(rad/s), 4i*f, 
n-#t!lKi£3 0 0 0 rpm (o)= 1 2 5 7 rad/s) ©#ttffit-^t' 

[0 0 3 7] 

, C= ( 1 0 0 0) , C= (0 1 0 0) , C= (0 0 1 0) 
, C= (0 0 0 1) T'&So Z<D&7Ti'TH*< A ( co ) Z.CitaSWlWM'V 
^ (6) liBTMMT'fe^o 
[0 0 3 8] 

its. mmnmnLxit. c= u o o o , c= (o 1 

o o) , c= (o o i o) , c= (o o o i ) t?s>s. 

Vlt. ~~ A (co) i:CttBjWT'*^®t', & (6) ttnrtHiKTC&V^ 
[0 0 3 9] 

?*IC. R=0<Z>#£-lCJ3tt£ 2 OCD«^#MMT* So "tfcfc'fc 
, aWMfrfllfcbTtt, C=(l 1 0 0) , C= (1 0 1 0) , C = 

(i o o i) , c= (i o o i) 7?a>*. ^ £>if 7^"£te> ~~ a (o> 

) ^CliRTMM^fT'fey, ^ (6) liHr««9T?»S 0 
[0 0 4 0] 

[0 0 4 1] 

ft (14) T*&S#> -tl«^*^l^"&©T'Mft^fi&^^VN 0 
[0 0 4 2] 
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Sfc&T, (6) lCoV^#*, ft ©55 (19) <D£e>tC»£ 

[»3] 



d 

dt X = 



X = 



u — 



( v dl \ 

Vd2 



( 0 \ 

0' 

\ wV-m ) 

AM = AM 



(19) 
(20) 

(21) 



v — 



(22) 



(23) 
(24) 
(25) 



[0 0 4 3] 

(2 6) T*&jLtUZ* 5$ (2 8) <D&5K.*'7*?-rt&mtiZ.£1fi"C&&. 
lit, Cttn eft 6m<Dft&l (n c = 1 , 2)"e&S. 
[0 0 4 4] 
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[«4] 



y = Cx v + w 



tvl 
\ ^2 / 

= A(w)« € + Z(y-CX;(« lf » t )^) + B u « + J B!. w 



(26) 
(27) 

(28) 
(29) 

(30) 



V3/2 -V5/2 J 
[0 0 4 5] 

L = L (©) T a (9) &2gAU S (28) ^ (31) CD J: O izW^WkZ- 



[»5] 



^ = A(ar)x e 4- L(a/) (T„(0)g - TaWCT'JO, , *«)*«) + B«t* + 



(31) 



[0 0 4 6] 

Zirt', Ta (8) CTe' (fl 1, 02) *5eCJ:6f, -5£fC&££e>&C 
, Ta (6) C&a^4l«, ^fAA0AA^Ta (9) yill^bfelft 

[0 0 4 7] 

[0 0 4 8] 

Ta (6) =t (9) (3 2) 

£-&5£U C<Z>#f3#|S:C 1, ffc5 2#f&C2, -r&fc>*>, C= (CI, C2) 
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[»6] 

T+{«)Cr.{6,,e s ) - ( tWCiff^j) t(«)Cat't'(tf.) ) (33) 
[0 0 4 9] 

CI* t' = a 1 I 2>oC 2 " t ' = a 2 I 2 ( a 1 h a 2 tt^ffc 
) Ta (9) CTe' (8 1, 6 2) Cl="t 

, C 2 = " t tiltl&^ftSjdfet 1 o©j5f(f ttfeS. LfrU ±X 

fc<D «fce> JCC 5:, 5$ (34) tf)£e>lCl/£ = 
[«7] 



/ ( l 0 0 1 0 0 ) \ 

" u * * ° * a 0 ) y 



(34) 



[0 0 5 0] 

r<DB#, Te' (91, 82) ttS(2 9) i»JS(35) <Z>J: 3 ICMTCg 
S„ 3 6>JC, CTe' (8 1, 8 2)tti(3 4), (3 5) (37) © 

i^Cfil-CSS. ife, Ta (8 1, 02) CTe' (0 1, 8 2) liS (3 
2), (3 7) «tU^ (3 8) ffli^CSlt'tS.' fc^U I2l±2fT2#|© 

[»8] 



(35) 



, cos (9 -sine \ 

cr.(«^)-y|(f(fc) nw) (37) 

[2 ( 1% t{6 t -6t)\ (38) 
T.WOTl(ii . «t) - V 3 *(•, - 0,) I* J 

[0 0 5 1 ] 

lit', 0 1-02 te-JtffiT?* »J, « (38) ±»JTa (6) CTe' (0 
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1, 0 2) ZirT% Ct=Ta(0)CTe' (0 1, 02) 

£L, A*^yt=Ta (0) ytirMX. S(31) (3 9) (DB& 

4«e = A{w> < +L(u-)(j(i-C j x«) + Bu« + B.» (39) 
at 

[0 0 5 2] 
110] 




(40) 



[0 0 5 3] 

^bt, 3(Z)«M^ffl$:J^T^i: Steffi VNT^yif-/^«^t-^ = 
[15C 1 1] 

= A(a;)x e +L(a;)(T a ((7)w-C t x e ) + B„«+ J B„t; (41) 

at 

[0 0 5 4] 

resale, (4 l) (4 2) (Dmm*-7*?-^*nmirz>z.}i\z.&^T. 

iul + iu2i:, ivl + iv2&«*t5:^ =e-^(D^$:^i"^> 
[0 0 5 5] 

MUMtfl o CO ^§i=r Ta (e) CTe' (0 1, 0 2) #0 

t:J:^f-Sfj:S<t:9^Ta (0) C#&£;fr&V^S:^fti-£o 
[0 0 5 6] 
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[Rl 2] 

T*{8)cr 0 {e lt e e ) = T.wf c x c,)/^ ^ a 

= T.(9)( C^fO,) C.m^) ) (43) 

^ (43) tt^*5R»t C 1 HC2\$lfi 3W<D%mfi&mfr*>. 
JfeRfjflHC^ST a (0) SSoWSitligSfttftK i"fc;b*>, iH^^-^ 

[0 0 5 7] 

afc&T, ^ (2 8) A*m7LXfrz> 0 rrtit ^N&^^+p-a 

WktoMRKZ y " L £~L (0, g>) J:bT^7*f-A^^T«)J:^{C 

CR l 3 3 

^a? B = A(w)x e +X(fl,w)(»-CTi(^,fl,)a5 € ) + S u u + B v w (44) 
[0 0 5 8] 

[0 0 5 9] 
[0 0 6 0] 

[0 0 6 1] 

*"f, 2c>(Z)3^B3-r;I/(Z)ct , 'ft^|^±^^M$tlTV^^>>X^A^CfeV^T^i, 

#ca> 2 o^M"e^-5o 

[0 0 6 2] 

( 1 ) tlB^IStSh^^iC ft6(C2o(7)-fe>-b-$:^V>«^ (iul + iu2 

, i v i + 1 v 2) mifczmfeL, mB*7*f-A%:mfr&t>i*:z> 0 

[0 0 6 3] 
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MfaffliZit. MZlZmir^OlZ, 3 o<£>i?>-tf- (sensorl~senso 
r 3) ZWtV. iS«i ul + iu2, ivl + iv2fc, mffim?M$:W%. 

[0 0 6 4] 

(2) mmzwfeh, miz 1 ^xD^y-v-zm^mmzwiZL, mm*-?-*-* 

[0 0 6 5] 

^fltfi^Cte, ®3 (C^-T J:-9(C, 2 o(Z)-fe>-9- (sensorl, senso 
r 2) fcigtf, »IIBtH i u 1 + i u 2 h?TO5:Itt5„ 
[0 0 6 6] 

[0 0 6 7] 

( 1 ) 2o£>-fe>-y-£^«$fe (iul + iu2, ivl + iv2) 5:1^1, 

[0 0 6 8] 

Mft^HCte, 04 fC^-TJ; 3 2 (sensorl, senso 

r 2) flDlttfBS^i ul + iu2, i v 1 + i v 2 

[0 0 6 9] 

(2) imi&*7*f- A Zmfr^fr^Zo 
[0 0 7 0] 

J^flciftlCWU 0 5 (C^"T <fc-MC, 1 -zXDMy^ (sensorl) SrfBtt, tiU 
Mffimm i u 1 + i u 2 $:I€t5o 
[0 0 7 1] 

-D^xwtm-t&o z.(DWsis. em^-ttkmimm^ ^ (45) , (4 6) t 
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[«1 4] 



d _ 
dt x 



= A(w)sc + B u ii - B^v 



x 



(in \ 

V *«2 / 



(45) 



(46) 



u = 



V = 



vat 

\ V & J 

0 
0 



(47) 



(48) 



A(w) 



\ <fox2 / 



R 1 

U z - Vyi - U T2 



(49) 
(50) 

(51) 
(52) 
(53) 



[0 0 7 2] 

MfeMmtt (4 5) (si) v$>z>t>K zti*>tem&r*Sbz><D'z, mm 

fC^-S&gtf&So 5£ (4 5) % Yh 2o@(5X 

[0 0 7 3] 

^-f , ^ (4 5) itnmmz-Mtufe-tn^ mn^mm^^jv^x-m 

[0 0 7 4] 
[0 0 7 5] 
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5£ (4 5) <DaiWlW& fc, Ld = 0. 2 4 8 6 mH, Lq = 0. 5 6 9 5 
mH, 1 a = 0 . 19 mH, R = 4 6 . 5 mQ, <t> m= 0 . 0516 V/ 
(rad/s), 4ffi*f, n - # ©ifglfc 3 0 0 0 rpm (a= 1 2 5 7 ra 
d/s) ©#tt©^-^T*#^.T*S 0 
[0 0 7 6] 

& (4 5) tt, &£fc2o©:RJ!l;£g^&^T?l*S<DT?, *«ff W U T tt 

mi 5] 

c - (i o o o). c - (i i o o). c = (£?Ho) 

[0 0 7 7] 

«T«»H£&W'S.5i:, c= (l o l o) , c= (l o o l 

) £tc. m*L&&*(D*SWlW&lZ* R^0<Z>^T*%, lo© 

mi e] 



= ( 1 o 0 o\ / 1 o 0 o\ 
^ o o 1 o y \^ o o o 1 / 



[0 0 7 8] 

iCDif^T'te, ""A (») £C«^MM^T?&U, 5*S (4 5) BTSSiRIT'&S 

o 

[0 0 7 9] 

^ (14) mii^ltAU o&cDT'iffgsftSffcte&v^ 

[0 0 8 0] 

Bfc#)T, #£5e*f«*T*&<5:£ (4 5) lCOVNT#*., #C0>a5; (5 4) ~ (6 0) 
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[»1 7] 



—x = A(u/)sb + J9„u + B v w 



a? = 



v = 















V **» / 




/•-. > 
















/ o 


\ 


0 






/ 


A(w) 



B v 



(54) 



(55) 



(56) 



(57) 



(58) 
(59) 
(60) 



[0 0 8 1] 

Z& (6 1) T*-^^.tl«, S (63) ©<fce>&C;*^1f-A£|gfr- £#l?££o 
[«1 8] 

v 



= Cx p + tv 

ivi 

- A(w)* e + £ (y - CT^ , 0* )as e ) + B„u + B„t> 



\{6 lt 9 a )=( t{0l)i ***** \ 



-1/2 -1/2 \ 
V3/2 — y/3/2 / 



(61) 
(62) 

(63) 
(64) 

(65) 



[0 0 8 2] 



2 0 



ffiil#2 003-3038384 



#2 0 0 2-2 1 7 4 5 4 



" L = L ((d) Ta (0) &#AU 5$ (6 3) Zft (6 6) <fe c» iC*^^^. 

ran 9] 

= A( W )x, + L( W ) (T.(% - T.(fl)Cri(fl, ,9,)!,) + B,,^ ( 66) 
[0 0 8 3] 

ZZT% Ta (0) CTe*. (01, 02) #0{C<fc£>-?\ -JtfC&S J: 5 {C 
, Ta (0) CZm^ftlZ, i/XfAAfflAA^Ta (0) ytl^btH^ 

[0 0 8 4] 

T a (0) = t (0) (6 7) 
il-R^U Ctf)fa3#l£C 1> #32#J£C2, i*-&t>^ C= (CI, C2) 

[f$C2 0] 

T.WCTUO^,) = ( t(5)C x t't'«? i ) t(*)C 3 t't'(* 2 ) ) (68) 
[0 0 8 5] 

ZZX% CTt' = a 1 I 2^oC2 " t' =a2I2 ( a 1 £ a 2 itMm 
) T*&*U£, Ta (0) CTe' (0 1, 0 2) \tfemmT*&Z> 0 ±&<Dm& 
tmmc, CI:, i£ (6 9) 0>Z.o\ZirZ>Z. tt L£„ 



[0 0 8 6] 

^(DC{C*fU ±«B(Z)«-a-^im^{C, Ta (0) CTe' (0 1, 0 2) 
^fll£&3 0 ZZ\X% Ct=Ta (0) CTe' (01, 02) U AtlZy 



[B2 1] 




(69) 



2 1 
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t=Ta (6) yfc-TtUi, & (6 6) it^^B^^-^t: 

4* e = A(a>)x,, + l(w)(yt-C t x e )+B u u + B v v (70) 
[0 0 8 7] 

M/£U *B*$fEi v 1 fc*B«fci v 2 ilCDM^-tSbTMJtU »I~y5: 

[0 0 8 8] 
[»24] 

-^x. = AHx e + L(w)(T«Wy-C t x«) + + (72) 
at 

[0 0 8 9] 

r<5D«fce>iC, 5£ (7 2) (7 3) ©i»^yif-7X&ffJM-rSii:»Cj:o , r, 
iul + iu2L i vl + i v25:IItSrtt% ^- * ©^ffitfeSSiH** 

[0 0 9 0] , 
[0 0 9 1] 

(1) ^*itt^£$!^U ffelC2oCD^>-9-$:^VN«^ (i u 1 + i u 2, iv 
1 + i v 2) SSfc&iMJgU »m*"7-»f--^&ffi#£fc1*S. 
[0 0 9 2] 

Afl^tCli, H6{C^-r <fce>iC, 2^>(D-fe>-9- (sensorl~senso 



2 2 
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r 3) fc&tf, MMffimtfti ui + iu2, ivi + iv2 tm^n^m^-t 

[0 0 9 3] 

(2) 2o<2-fe>-*&^*^£M5tU mB*7*f-rt*:Mfr&t>-&Zo 
[0 0 9 4] 

MtfoWlZte. EI 7 IZB?£?1^ *IfflSS6 i u 1 + i u 2 ilff 1^5:1^ 
[0 0 9 5] 

rr^TCD^^ii, ni8(c^-rj:e>^^^2^(D ; E-^ (mmm^n^M 

[0 0 9 6] 



[12 5] 




(75) 



(74) 




«»1 
Vg2 

/ o \ 



0 
0 



2 3 
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[0 0 9 7] 

Zft (7 8) -Z^Z.tHf. & (8 0) (D£olZ*7*f-A$:mtSZ. ttfT'gZ, 

[1*2 6] 
y = Cx p + w 

f £„, > 
M 

i„2 

*JX8 <fex3 t((9 s )t / 

[0 0 9 8] 

A L = L (co) Ta (0) £#AU ^ (8 0) (8 2) (DkoiZW^m*- 

£ = 

12 7] 

^<c. = A(«)j. + L(w) (T a (9) 9 - Ta^Cr;^,^, Jj)!.) + B u « + S,t» (82) 
[0 0 9 9] 

3rt% Ta (0) CTe' (01, 02) tfdiZ£ib1T. -JgtC&S <fc ? IC 
, Ta (0) Cfcil^tU*, S/*^A'\<Z)A;fr£T a (0) ytl^Lfelft 

[0 10 0] 



(78) 
(79) 

(80) 
(81) 
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Ta (e) = t (6) (83) 
ZUfeb. CCU3JI&C1, I«3?IJ&C2, &.Z3?\\ZC3, "?tet>%* C 
= (Cl, C2, C3) h1-*U£, _tSB&#li, J^Ttf>£e>{c#£&;te>;ft,£o 
[«2 8] 

T.WCTiP, ,•.,*,) = ( t(0)C,t't'(*,) t(*)C a t't'(<9*) t(<9)C a t't'(tf 3 ) ) (84) 
[0101] 

lit', CTf = a 1 I 2 ^oC2 " t ' = a 2 I 2>oC 3 " t ' = a 
312 ( a 1 , a2ta3 ttJglS:) "tf&tUi, Ta (0) CTe' (61, 62 

, 0 3) ttjgajtfT^n?**. rrtit c&, ^ (85) <z><fce>icif-£^££: o 

[12 9] 

C = { ( (' ° ° 1 ° ° 1 ° °) ^ (85) 
[0 10 2] 

Z.<DC\zmb, ±&(Dm&£mmz. Ta (9) CTe' (61,62,03 

) li— femtte&o rrt, ct=Ta (e)CTe' (e 1, 62, 63) i: 

U AiJ^yt=Ta (6) ytf^il ^ (82) tt^©H^^1f-Ai: 
[»3 0] 

d 

^as e = A(v)x. + L(^)( Sfe -C t * e ) + B„u + B,t; ( 86 ) 
[0 10 3] 

&33, JllgK&tf^lf-^te, «iul + iu2 + iu3^^bTi^b 

> *B«Sf£ i vl+iv2+iv3 t-filTlSb, Sffll~ y £J^T<£> J: "5 (C 



2 5 
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[«3 1] 




*ul + *u2 + it.3 




(87) 



[0 10 4] 



[0 10 5] 

r©<fce)tC, ^ (8 8) (8 9) <DMB*7-*f-A*mm-t2>Z.}llZ£^T, 
iul + iu2 + iu3^ i v 1 + i v 2 + i v 3 ^HlfSr tt% 
©ttffll 5: SSIR-r £ Z H tfX*% £ o 
[0106] 

£*l£ 0 
[0 10 7] 

(1) 2o®t>it5:f^t^ (iul + iu2+iu3, ivl + iv2+i 
v3) ZmfeL, BJ&*7*f-A1tmfr&fc J £Z> a 
[0 10 8] 

Mifa&lKlt. 0 9 iC^i - J: O (C, 2 OCDir (sensorl, senso 
r 2 ) £fgW> iul + iu2+iu3, ivl + i v2+iv3| 

[0 10 9] 
[0110] 

(if ^MJH) 



[13 2] 



= A(a>)x B + L(c) (T a (0)y - C t x e ) + B u tt + B v v 
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(mm) , 2ii^id i<Dm%.n. m^ununm (mm) , 3»i q 
lcomffinmtBmm (mm). 4igg#i d lommm. mmamuBmm. ( 

ttll) £^l/TV^ 0 i d 1 CfeVNT^H^lcm^^fbL/TVN^^^ (2|gg, 
t=0. 0 8 5 stffi) {Cte, mA<DmfeWMtf$iVT^2>t>K MH©^*-^ 

[0111] 

[0 112] 

[0 2] *ffi««£^*S»-&K:feW*«*-fe>*©fBa#!I (3o) fc^-T 
[0 3] *«««*«»&»-&fc«i , t<B«*'fe>*©BB«« (2o) $:^-r 

[04] ^ffimaE^v^^tcfewswsR-fe^^^saffii (2^) 
[05] mftnffitfte^Wf&iz&tf2>mffi>-t>v<DmMm do) 

[0 6] W2o®3ffia>fK**ot, *fi«»^»5*^ICfeftS 
«^-fe>-9-(DSB«^!I (3o) ^W^^ 

2 7 2003-3038384 



#2002—217454 



[0 8] 2o©3ffi i E-*JCoV*T<B«tfe-fe>-9'©S!ffflI (2o) fc/rc-T 
[09] 3o©3ffi^-*K:oV*T©*&1Z>'9-©Bie0!f (2o) fc^f 

[011] Bffi^-^alS^ttfcJft&a^BlT?**. 

B ;t»yf'J, Yl, Y2 3ffi3>f;i/, M INV1, INV2 

>f CON 3>hn-7. 



2 8 
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[Hi] 




Sensor2 



1 ffil2£#2 0 0 3 - 3 0 3 8 3 8 4 
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[05] 
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[0 7] 




4 ffi$E# 2 0 0 3 - 3 0 3 8 3 8 4 



#2002—217454 
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[HI 1] 




2003-3038384 



#2 002-21 7454 



mm] 

mm] ««-fe>*©»fe«^-r&. 

[M&^m 3ffin>f^Yl, Y2<D2oJC*tU >f>;t-*INVl, IN 

v2*»e>-en^n««»S:«i&'ts. nt% #3*i=i-f;i/Y i 

, Y2lCoV>T, 2o©+g«^$:^mL^^tl^^e ) i s , tit>t!i4oi:^ 

[mibi m 1 1 
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ffl m a m m m m 



gfj## [000003609] 
1 . ^3S^J§ H 1 9 9 0^ QR 60 



i 
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m m A 



»J## (0 0 0 0 0 3 2 0 7] 

1. 1 9 9 0^ 8H27H 
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